Most patients with cancer are diagnosed after the onset of symptoms and many present to emergency care services, often with life-threatening manifestations of their undiagnosed cancer [1] [2] [3] [4] [5] . A diagnosis of cancer following an emergency presentation is associated with poorer clinical and patient-reported outcomes than those of patients whose cancer is diagnosed after a non-emergency presentation or through a screening programme. These inferior outcomes include the less-frequent use of treatments with a curative intent, well-established associations between emergency presentation and inferior survival, and worse quality of life and patient experience than those diagnosed with cancer through other routes.
Most patients with cancer are diagnosed after the onset of symptoms and many present to emergency care services, often with life-threatening manifestations of their undiagnosed cancer [1] [2] [3] [4] [5] . A diagnosis of cancer following an emergency presentation is associated with poorer clinical and patient-reported outcomes than those of patients whose cancer is diagnosed after a non-emergency presentation or through a screening programme. These inferior outcomes include the less-frequent use of treatments with a curative intent, well-established associations between emergency presentation and inferior survival, and worse quality of life and patient experience than those diagnosed with cancer through other routes.
Specifically, evidence from patients with a variety of both common and less common solid tumours, including colorectal, oesophageal and lung cancers, indicate that patients presenting as an emergency are less likely to be treated with a curative intent (as indicated in three of the four available studies describing use of surgery in such patients [6] [7] [8] [9] ) than patients with cancer who are diagnosed through elective routes. This association persists after adjustment for sociodemographic and tumour-specific factors including, critically, the stage of the cancer at diagnosis [8] [9] [10] . Patients with any of 15 different types of cancer diagnosed through emergency presentation have lower 1-year survival outcomes compared with those who were diagnosed electively (for example, 50% versus 82% and 12% versus 40% for patients with colorectal or lung cancer diagnosed as an emergency versus electively, respectively) 5 . Associations between diagnosis following an emergency presentation and poorer survival, compared with elective diagnosis 6, 8, [10] [11] [12] [13] [14] [15] , are particularly strong in the short term (in terms of differences in 1-month and 3-month survival outcomes as opposed to 1-year outcomes): excess mortality rate ratios for patients with colorectal cancer diagnosed as an emergency versus electively are 5.9 (95% confidence interval (CI) 5.6-6.2), 2.4 (95% CI 2.3-2.6), 1.8 (95% CI 1.7-1.9) and 1.7 (95% CI 1.6-1.8) at 1, 3, 6 and 12 months after diagnosis, respectively 15 . Variations in tumour stage at diagnosis explain part of this association; however, emergency presentations remain independently predictive of lower survival than elective presentations, even after adjustment for tumour stage at diagnosis 10, 14, 15 . Lastly, considering patient-reported outcomes, evidence from the 2014 English National Cancer Patient Experience Survey report 16 indicates that patients diagnosed with cancer as an emergency have a worse experience of subsequent cancer care than those diagnosed with cancer through other routes.
Decreasing the proportion of patients diagnosed with cancer through emergency presentations is likely to improve patients' outcomes. However, complex mechanisms leading to such events, often involving tumour-related, patient-related and health-care-related factors in combination, make progress towards achieving this objective challenging 17 . Motivated by these considerations, we provide a critical overview of the current evidence on the complex problem of diagnosis of cancer as an emergency. Our objective is to better inform future public health and health-care interventions, and encourage research into reducing the proportion of patients with cancer whose disease is diagnosed as an emergency.
We examine relevant conceptual and operational definitions
, and consider theoretical frameworks that might reveal how emergency diagnoses of cancer could be prevented. We review evidence on prior healthcare use and symptoms among patients leading up to their presentation as an emergency, as well as the frequency and predictors of emergency presentations, specifically focusing on how sociodemographic inequal ities vary for patients with different cancers. Lastly, we describe priorities for future policy and research initiatives.
Prevention of emergency presentations
Current data on whether or not emergency presentations are preventable are limited to three reports [18] [19] [20] and another study exploring the presence of potential 'missed opportunities' for diagnosis, judged by the presence of recorded 'alarm' symptoms in prediagnostic consultations 21 . Specifically, in a clinical audit initiative conducted in England, investigators examined the potential for preventing emergency presentations by exploring whether patients presenting as an emergency had previously consulted with 'red flag' symptoms mandating an urgent referral for suspected cancer. In this audit, the investigators found that 23% of emergency presenters did, in retrospect, meet the criteria for such a referral 18 . Similarly, in a study examining cancer registration data linked to primary-care records, 20% of emergency presenters diagnosed with colorectal cancer had typical alarm symptoms recorded during the year before diagnosis, suggesting possible opportunities for reducing the incidence of cancer diagnosed as an emergency presentation 21 . Additionally, in a qualitative analysis of a series of 27 patients with cancer diagnosed after emergency presentation at health centres in England, the authors described potential breakdowns in the diagnostic process, and emphasized the need for better communication of diagnostic uncertainty in order to encourage symptom reappraisal and helpseeking behaviour 19 . In a qualitative synth esis of significant event analyses in England, investigators concluded that tumour-related factors might make some emergency presentations unavoidable 20 ; however, their findings suggested that addressing patient-related factors and use of health-care initiatives might reduce the overall proportion of avoidable emergency presentations 20 . Three of the four sources described in this para graph [18] [19] [20] relate to clinical audit initiatives designed to reduce the incidence of emergency presentations of cancer; it is likely that a much greater number of similar local initiatives have examined preventability, with most of the evidence from such initiatives remaining unpublished 22 . The dearth of published evidence regarding the potential to prevent emergency presentations in patients with undiagnosed cancer is striking, especially considering the abundance of literature on the preventability of general emergency hospital admissions (or emergency department use), or readmissions 23, 24 . These observations, documenting a degree of preventability among the substantial proportion of patients with cancer who present as emergencies, indicate a need for further studies examining the exact mechanisms of, and potential for avoiding a diagnosis of cancer as an emergency presentation in the future. Herein, we
• The diagnosis of cancer as an emergency is associated with a substantially worse prognosis; however, this represents an understudied problem, with evidence examining its frequency and aetiology limited to a few developed countries • Most available evidence defines diagnosis of cancer as an emergency contextually instead of employing clinical criteria regarding presentation severity, and uses administrative data as opposed to reviews of medical records • An emergency diagnosis of cancer often has a complex aetiology, involving tumour, patient and health-care related factors; evidence on the role of tumour and health-care related factors is particularly sparse • Studying variations in the risk of emergency presentations by prior health-care use and related symptoms can elucidate how some emergency presentations could potentially be prevented • Sociodemographic inequalities in the risks of emergency presentation underline the contribution of psychosocial factors and the potential for targeting of public health campaigns regarding cancer symptoms • Optimising screening can help to reduce emergency presentations of patients with colorectal cancer propose a framework on which future research can be based, considering the influence of tumour-related, patient-related and health-care-related factors 17 , and a diagnostic timeliness dimension incorporating aspects of the "Pathways to Treatment" (REF. 25 ) model described by Walter et al. (FIG. 1) . The term 'potentially avoidable' refers to the emergency presentation event, and the term 'modifiable factors' relates to the predictors of such events.
Trends, frequency and variations

Time trends
Analyses of evidence provided by the Routes to Diagnosis dataset 26 (BOX 2) suggest that substantial reductions in the overall frequency of emergency presentations of cancer have occurred for all cancers over the past decade in England 1, 5, 27 . Specifically, a reduction from 24% to 20% of patients being diagnosed with any type of cancer as an emergency presentation was noted between 2006 and 2013 (REF. 26 ). Reductions were greater for the diagnosis of malignancies associated with a high baseline proportion of emergency diagnoses, such as lung cancers (from 39% in 2006 to 34% in 2013) 26 . By contrast, no discernible changes were observed for those with 'easy-to-suspect' cancers, which generally have a very low baseline proportion of patients (<5% of all diagnoses) diagnosed as an emergency presentation, such as breast cancer and melanoma 26 . These substantial reductions in the proportions of patients with cancer diagnosed as an emergency within just 8 years can be very revealing. Such reductions are particularly interesting because, in general, temporal changes over such short periods of time are unlikely to reflect changes in disease-related factors (such as tumour aggressiveness), as the morphological case mix of tumours of the same organ or site is unlikely to change rapidly. Therefore, if such rapid changes are observed, they are much more likely to reflect changes in patient and/or health-care-related factors, as opposed to tumour-related (disease specific) factors.
Tumour-related factors
Tumour stage at diagnosis. Tumour stage at diagnosis reflects tumour biology (described as the intrinsic malignant potential of the tumour during oncogenesis), but is also a function of tumour growth over time (and, consequently, an indirect function of time to diagnosis). Investigators in several studies have consistently reported that patients with cancer that was diagnosed as an emergency are more likely to have advanced-stage cancers at diagnosis
. In a report on the routes to diagnosis of 10 different forms of cancer in England between 2012-2013, 30% of patients who presented with cancer as an emergency were subsequently diagnosed with stage IV cancers, compared with 17% and 14% of those diagnosed through a fast-track ('2-week wait') and non-urgent ('non-2-week wait') referral, respectively 28 . Data from the same source 28 indicate that the proportion of patients that presented with cancer as an emergency and were diagnosed with stage IV disease varies considerably between the 10 different cancers studied, from 18% and 20% for those with melanoma or prostate cancer, respectively, to 44% and 45% for those with lung or ovarian cancer, respectively
Tumour location and subtype. Most of the available evidence on how tumour location and subtype are associated with presentation as an emergency relates to a few common cancers: colorectal, lung, breast and gastroesopha geal cancers (Supplementary information S1, S2 (table)). Overall, the reported frequencies of emergency diagnosis vary substantially across different cancer types, from 2% for patients with melanoma to >60% for those with brain or CNS tumours 5, 27, 29 . Frequencies >30% are commonly reported for patients with cancers of the brain or CNS, pancreas, lung, stomach, cancer of unknown primary, acute leukaemia or multiple myeloma. At the other end of the spectrum, <10% of all patients with melanoma, breast, oropharyngeal, oral, uterine, testicular or prostate cancers present as emergencies (Supplementary information S1 (table) ).
Box 1 | Data sources and definitions
Data sources
Most evidence arises from large administrative or electronic patient-record datasets (such as 'Routes to Diagnosis' data in England, or SEER-Medicare data in the USA) [1] [2] [3] [4] [5] [8] [9] [10] 13, 15, 21, 27, 36, 39, 41, 42, 50, 69 . In fewer studies data were collected through direct inspection of patient records by clinicians or trained researchers [32] [33] [34] 40 . A third category includes publications arising from clinical audit initiatives, a quality improvement activity based on the inspection of medical records 2, 6, 8, 11 .
Definitions
A substantial degree of heterogeneity exists in how the diagnosis of cancer as an emergency is defined in different studies (see the figure) . In general, operational definitions use either contextual criteria (meaning whether the patient's diagnosis of cancer followed a presentation to emergency health-care services (such as an Accident and Emergency department) and/or clinical information criteria (whether urgent surgical treatment was used, or whether certain symptoms were present). Studies using clinical information criteria relate to colorectal cancer only. In two studies, emergency diagnosis status was defined based on information generated by clinical staff 11, 49 . Definitional and methodological differences are likely to account for different point estimates of the frequency of emergency presentations reported previously 66 . These substantial variations in the frequencies of patients diagnosed as an emergency presentation suggest a correlation between the 'symptom signature' (or diagnostic difficulty) of different cancers and the reported proportions of patients diagnosed as emergencies 30 . Cancers for which most patients present with visible, or palpable signs or symptoms (such as mel anoma and breast cancer) typically have low proportions of emergency presenters, whereas the opposite is true for cancers for which most patients present with nonspecific symptoms (such as pancreatic cancer or multiple myeloma, for which abdominal or musculoskeletal pain are the most-common reasons for presentation). The fact that some cancers have minimal symptoms before a dramatic event leading to the emergency presentation (such as seizure as a first symptom of certain forms of brain cancer) is an important consideration, as is the availability and extent of primary-care testing for other cancers (such as leukaemia, which is often diagnosed after a full blood-count investigation). Beyond general variations in the frequencies of cancer diagnosis as an emergency by major organ site, differences in the incidences of emergency presentation by tumour location or subtype have also been described for a small number of cancers, including colorectal, colon, gastroesophageal and rectal cancers, and acute and chronic types of leukaemia
.
Tumour grade and histology. Published results from only two studies evaluating the effect of tumour grade and histology on the likelihood of emergency presentation are currently available 3, 10 . In general, the results suggest that more-aggressive tumour subtypes are more likely among patients diagnosed with cancer as an emergency 3, 10 . A higher proportion of patients with high-grade (poorly differentiated, undifferentiated or anaplastic) colorectal cancers were found to present as an emergency than those with low-grade (well-differentiated or moderately well-differentiated) colorectal cancers (32% versus 28%; P <0.0001). Patients with high-grade rectal cancers were also found to be nearly twice as likely as those with low-grade or intermediate-grade cancers to present as an emergency (OR 1.77, 95% CI 1.45-2.15) 10 . Patients with mucinous adenocarcinoma or signet-ring-cell tumours were more likely to present as an emergency than those with 'other adenocarcinoma' (31% versus 28%; P <0.0001) 3 .
Tumour or host biomarkers. Published evidence of any specific tumour or host biomarkers that predispose to an emergency presentation with cancer is currently lacking. Such associations, however, are highly likely to exist despite the current lack of evidence, given the known interactions between risk of emergency presentation and tumour grade and histology, and the fact that histo logical features can be associated with the presence of specific tumour biomarkers.
Health-care use and prior consultations Consistent with our prior theoretical framing, estimation of the potential for preventing the diagnosis of cancer as an emergency presentation requires consideration of whether or not patients had presented previously, and if so, the symptoms they presented with. Potentially avoidable factors, including psychosocial, access and health-care-related factors, can affect patient and GP behaviour and decision-making during the asymptomatic, symptomatic and post-presentation stages of the diagnostic process. Tumour-related factors are unlikely to be modifiable, although these also contribute to all stages of the diagnostic process preceding an emergency presentation.
Prior primary-care use
Evidence from an English national data source indicates that approximately 30% of emergency presentations are generated by direct emergency referral to hospital services by primary-care physicians 31 . Concordantly, evidence from three small primary-care studies indicates that up to 20% of patients with cancer who have consulted their general practitioner are referred as an emergency [32] [33] [34] . How many patients within this group have also had prior 'elective' primary-care presentations (before the contact with primary care leading to the emergency diagnosis) is unclear.
In some patients, an investigation plan and/or referral has been made, but an emergency presentation occurs during the interval between the referral and planned investigation or specialist assessment. Evidence on this patient group is poorly described in the current literature, with the exception of a single study 33 , in which 10 of the 39 patients diagnosed with colorectal cancer as an emergency presentation (26%) had an emergency admission while waiting for an elective specialist appointment 33 . Such patients might benefit from a shortening of intervals to investigation or assessment of their suspicious symptoms 35 .
Most patients who present with cancer as an emergency have had prior consultations in the 12 months preceding diagnosis 12, 36, 21 . This proportion is comparable or slightly lower than that of patients whose cancers were diagnosed electively (82% versus 88%; P = 0.08 12 , 89% versus 95%; P <0.001) 36 . Another study comparing emergency and non-emergency presenters with colon or rectal cancer revealed that 97% of both emergency and non-emergency presenters had prior consultations, for any reason, in the period between 30 days and 12 months before diagnosis 21 . However, only about half of all such consultations among those who presented as an emergency were for relevant symptoms, whereas the respective proportion for non-emergency presenters was significantly greater: 48% versus 71% for patients with colon cancer (P <0.001), and 49% versus 61% for patients with rectal cancer (P = 0.043) 21 . Among patients subsequently diagnosed with cancer, prior consultations can lower the risk of a diagnosis of cancer as an emergency, as demonstrated for patients with colorectal cancer who had at least one prior primary care visit in the 2-12 months before diagnosis versus those who did not (OR 0.68, 95% CI 0.61-0.76; P <0.05) 4 . This finding supports the need to improve access and reduce barriers to help seeking, if such barriers are present 37 .
Prior secondary-care use Investigators in three studies involving patients with colorectal cancer (two from the USA and one from the UK) reported higher rates of prior inpatient hospitalization in patients diagnosed with cancer after an emergency presentation compared with patients in whom cancer was electively diagnosed 3, 4, 36 . For example, results of one of these studies 4 indicate that patients with lung or colorectal cancer diagnosed in the emergency department are 21% and 29% more likely, respectively, to have had at least one inpatient admission in the 2-12 months before diagnosis, compared with those who had a non-emergency diagnosis. These analyses excluded periods of 1-2 months before diagnosis to avoid the potential inclusion of hospital care directly relating to the emergency presentation itself.
Several hypotheses can be considered, all of which might explain these findings. These explanations include the possibility that patients with cancer who are diagnosed as emergencies also have more comorbidities that are unrelated to their cancer. Alternatively, the findings might suggest that emergency presenters are clustered within a patient group with higher than average accident and emergency department use, as opposed to primary-care services; such preferences might reflect either personal choice 38 , or the presence of barriers to primary-care access -including insurance status in the context of the US health system 3, 4 . A possibility also remains that opportunities to diagnose cancer were 'missed' during the patients' prior inpatient admissions.
Prior investigations
Data from three studies investigating the diagnosis of patients with colorectal cancer reveal that patients who had investigations before their diagnosis were less likely to present as emergencies 3, 12, 39 . For example, Gunnarsson et al. 12 reported less frequent use of prior colonoscopy and other investigations in patients whose cancer was diagnosed as an emergency presentation compared with those whose cancer was electively diagnosed: 10% versus 63% of emergency and non-emergency presenters had a prior colonoscopy; the respective rates were 15% versus 61% for abdominal imaging. A similar trend was reported in the two US studies, with one study reporting 25% versus 75% of patients having had one colonoscopy in the 12 months before diagnosis 3 , and another study reporting 20% versus 46% having had an investigation (colonoscopy, flexible sigmoidoscopy, or barium enema) within 6 months of diagnosis 39 , when comparing emergency and non-emergency presenters, respectively. Whether these prior investigations were performed for screening purposes or for the evaluation of symptoms was not reported in any of these three studies 3, 12, 39 . These findings, nonetheless, indicate that the use of prior endoscopic or imaging investigations might minimize the risk of diagnosis of cancer as an emergency. The majority of epidemiological evidence on emergency diagnosis of cancer currently relates to the English "Routes to Diagnosis" project (conducted by Public Health England) 26 -an exemplar for health-record-based epidemiological studies designed to investigate diagnosis of cancer as an emergency presentation. Linking information from different sources, such as cancer registration, hospital care and screening programme records, patients are assigned to different diagnostic 'routes' (including emergency presentation, but also screening detection and urgent or routine referral routes) using algorithms. The project provides the largest population-based collection of data on the diagnostic route of patients with incident cancer available anywhere in the world, and can serve as a prototype for similar developments in other health-care systems benefiting from rich collections of electronic patient-health records.
Preceding symptomatic presentations
Identifying symptoms associated with a higher risk of a subsequent diagnosis of cancer as an emergency can help to identify patient groups in which emergency presentations might potentially be averted. To date, evidence of prior symptoms relates strictly to patients previously consulted in either primary or secondary care -noting that a nonignorable minority of emergency presenters might have not sought help from any health-care professional before their emergency diagnosis.
Data on prior symptoms should exclude the period of time directly preceding the emergency presentation (for example, up to 1 month before presentation) in order to avoid potential conflation of prior potential cancer symptoms with those directly triggering the emergency presentation event. However, only two of the four studies with published, relevant data consistently applied such a design feature 21, 40 . Current empirical evidence of associations between prior symptoms and diagnosis as an emergency presentation chiefly relates to patients diagnosed with colorectal cancer. Patients with colorectal cancer who were diagnosed through emergency presentations are more likely than those diagnosed electively to have previously seen their doctor with abdominal pain 12, 36, 40 , or to have had constipation 12, 36, 40 , diarrhoea 40 or weight loss 12, 36 . By contrast, emergency presenters are less likely to have consulted owing to rectal bleeding 12, 21, 36, 40 , a change in bowel habits 21 or anaemia 12, 21 . Some evidence exists, although limited to patients with colorectal cancer (mostly treated at a single centre), suggesting that patients who present with symptoms of a lower predictive value for cancer are more likely to be diagnosed as emergencies 12, 21, 36, 40 . Thus, reducing the referral threshold for suspected cancer might reduce the frequency of emergency presentations; however, this approach will also result in higher proportions of patients without cancer being referred. Evidence on the clinical implications of prior symptoms, with clear differentiation of prior symptoms from those prompting the emergency presentation event, is needed for patients with malignancies other than colon or rectal cancer.
Health-care factors
Most patients with cancer initially present to nonspecialist clinicians. Examining the performance of primary-care organizations (such as through the use of qualitative studies involving significant event analysis or quantitative studies examining practice-level characteristics and emergency presentations) and the effects of different standards and levels of implementation of screening services can shed light on potentially remediable factors that could contribute to emergency diagnoses of cancer. The available evidence mainly relates to studies examining associations between general practice characteristics (activity or performance) and emergency diagnosis of cancer.
General practice characteristics
Two studies are available on the associations between practice characteristics and emergency presentations in England. Practices with better access to in-hours primary care, as indicated by the relevant access indicator included in the Quality and Outcomes Framework (QOF), were more likely to have lower rates of emergency presentation (OR 0.85, 95% CI 0.79-0.92; P <0.0001) 1 . The total practice QOF points (principally reflecting the overall quality of clinical care) was also found to independently predict the risk of an emergency presentation with cancer of any type (OR 0.94 per 100 points,95% CI 0.91-0.97). In the same study 1 , practices with some (OR 1.04,95% CI 1.02-1.06; P = 0.001) or no (OR 1.08,95% CI 1.04-1.11; P <0.0001) UK-trained doctors, and a smaller practice-list size (OR 0.97,95% CI 0.95-0.99; P = 0.014) had a significantly higher risk of having an emergency presentation with cancer in the practice population. The second primary-care study found no significant association between emergency presentation and continuity of care, measured using an index taking into account the total number of consultations, the number of visits to each clinician, and the number of clinicians consulted over a fixed time period; however, this examination was only possible for a subgroup of patients, for whom a valid measure of continuity could be derived 41 . Access to primary care in the context of colorectal cancer has been examined in two studies conducted in North America 3, 39 . Using a data item included in the US Medicare Surveillance, Epidemiology, and End Results Program (SEER) dataset, Pruitt et al. 3 examined statistical associations with 'prior preventable hospitalization' , as a proxy measure of access to primary-care services. Patients with preventable hospitalization within 1 year before diagnosis were more likely to be diagnosed with cancer as emergencies than those without such visits (emergency diagnosis rates were 50% 10 cancers considered together 30% of patients diagnosed with cancer as an emergency presentation have stage IV cancers at diagnosis, compared with 17% and 14% of those diagnosed through '2-week-wait' and 'non-2-week-wait' referrals, respectively; the proportion of emergency presenters with stage IV cancer at diagnosis was 17% for bladder cancer, 33% for breast cancer, 32% for colorectal cancer, 30% for kidney cancer, 59% for lung cancer, 16% for melanoma, 21% for non-Hodgkin lymphoma, 29% for ovarian cancer, 39% for prostate cancer and 17% for uterine cancer 28 .
OR, odds ratio; TNM, tumour, node, metastasis staging system. *Adjusted OR for age, sex, co-morbidity (as measured using the Charlson index), income deprivation.
versus 27% in patients with colorectal cancer) 3 . In a study conducted in Canada 39 , having a regular source of primary care was proven to be associated with a lower risk of diagnosis of colorectal cancer as an emergency (OR 0.70,95% CI 0.65-0.77 for those with versus those without regular access to primary care).
Primary care performance characteristics
A retrospective observational study has evaluated the relationship between the extent of gastroscopy use in general practices in England and emergency presentation of patients with gastroesophageal cancer 42 . Patients registered with practices in the lowest tertile for upper-gastrointestinal endoscopy use had a significantly higher risk of an emergency presentation with gastroesophageal cancer than those registered at practices in the upper tertile (OR 1.53,95% CI 1.42-1.65; P <0.001).
Influence of screening
No published data are available from studies that examined direct (individual level) associations between a history of participation in a screening programme and the risk of emergency presentation during follow-up periods for cancers that can be routinely detected using effective screening programmes. However, data from ecological 'before and after' studies indicate that use of screening interventions for colorectal cancer might help to decrease the proportion of patients with this type of cancer that are diagnosed as emergencies 29, [43] [44] [45] , especially among those aged 60-69-years (from 21% in 2006 to 16% in 2012 in England) 29 . For example, the introduction of faecal occult blood test (FOBT) screening in a UK region resulted in a 47% decrease in the proportions of patients with colorectal cancer diagnosed as emergencies between 1999 and 2004 in the same geographically defined population (from 29.4% to 15.8% of all colorectal cancers diagnosed over this period of time; P = 0.001) 43 . Similar trends were observed following the introduction of FOBT screening in Scotland, with a reported reduction in the absolute proportion of patients diagnosed through emergency presentations falling from 20% to 13% between 2003-2012 (P ≤0.001) 45 . Data from these ecological studies suggest a positive effect of screening on the risk of colorectal cancer diagnosed as an emergency presentation 44, 46 , although other interventions promoting earlier diagnosis (for example, cancer-awareness campaigns) might also contribute to these observed patterns. No relevant evidence of the effectiveness of screening programmes, in terms of avoiding the diagnosis of cancer as an emergency currently exists for any other cancer (such as breast, cervical or lung cancer), although such effects are likely to exist. Furthermore, the influence of screening programmes on the risks of emergency presentation might vary substantially across different countries and health-care systems because the nature of screening programmes, and the resultant population coverage and effectiveness of these programmes, can be variable 3, 47 . This variation is probably influenced by a range of organizational and social factors, which can also differ between countries and health-care systems 48 . For example, racial and/or ethnic disparities in colorectal cancer screening might explain, at least to some extent, the differences in emergency presentation among patients of different ethnicities in the USA (28.1 versus 39.2% of white and African-American patients with colorectal cancer; P <0.001) 3 ; however, the effects of inequalities in screening as a source of disparities in emergency presentations in other countries could vary.
Patient factors
In part, associations of sociodemographic patient charac teristics with a risk of an emergency presentation with cancer might reflect disease-related factors, such as variations in age, tumour type, or anatomical differences between men and women. Some of these differences might, however, reflect sociocultural influences on patients' help-seeking behaviours, or health-care-related inequalities. How overall sociodemographic inequalities vary for different cancers might be particularly revealing of the potential mechanisms responsible for such behavioural differences; an understanding of these inequalities is, therefore, particularly helpful in efforts to design targeted interventions with the aim of reducing the frequency of diagnosis of cancer as an emergency presentation.
Age
Patients with cancer at either end of the age spectrum (the youngest and the oldest patients) are more likely to be diagnosed as emergencies than those who are in the middle of the age spectrum. In general, older age is associated with a higher risk of an emergency diagnosis of cancer, with this risk being particularly pronounced in patients >80 years of age [1] [2] [3] [4] [5] [6] 8, [10] [11] [12] 15, 21, 36, 39, 41, 42, 49, 50 . For example, patients in England ≥85 years of age are 2.5 times more likely than those between 65-74 years of age to present as an emergency for all nongender-specific cancers 27 . Similarly, for patients with colorectal cancer,
Box 4 | Variations in frequency by tumour location or subtype
In the few studies examining colon and/or rectal cancers separately, the average frequency of emergency diagnosis was approximately twofold greater for those with colon cancer than those with rectal cancer (31% versus 15% for those with colon cancer or rectal cancer) 6, 12, 21, 27, 39, 49 . These findings could reflect differences in the nature of preceding symptoms or anatomical differences leading to variable risks of obstruction or perforation at either subsite. Variations in the proportions of patients who are diagnosed as emergencies have also been reported for different tumour locations within the colon, although the evidence is inconsistent as to whether the risk is greater for those with left-sided or right-sided tumours 3, 6, 39 . In a study of Irish patients 10 , those with rectosigmoid cancers were more likely to present as an emergency than those with rectal (distal) cancers (16% versus 11%).
Similarly oesophageal and stomach cancers vary in terms of the frequency of diagnosis as an emergency presentation, with average reported frequencies being 20% and 31%, respectively 1, 5, 8, 27 . These differences could reflect that a high proportion of patients with oesophageal cancer present with a 'red flag' symptom (dysphagia) relative to those with stomach cancers.
Among haematological cancers, higher frequencies of diagnosis as an emergency presentation are reported in those with non-Hodgkin lymphoma compared to those with Hodgkin lymphoma 27 . Similarly, higher frequencies were reported for patients with acute versus chronic leukaemias, with approximately half of all patients with acute leukaemias presenting as emergencies, versus a quarter of those with chronic leukaemia (Supplementary information S1 ( When considering the overall influence of a patient's age on the risk of diagnosis of cancer as an emergency across all cancers, substantial differences in this relationship by cancer site can be masked. Specifically, a more positive association exists for certain types of cancer between increasing (adult) age and increasing risk of emergency diagnosis, while for others, a more complex J-shaped or U-shaped relationship exists. For those with acute lymphocytic leukaemia, a negative association between age and diagnosis of cancer as an emergency exists (with increasing age being associated with a lower risk of a diagnosis of cancer as an emergency presentation) 27 . Thus, interactions between cancer and age are likely to reflect disease-specific factors.
Most studies examining relationships between age and diagnosis of cancer as an emergency have excluded patients <25 years of age, with the exception of two relevant studies in the peer-reviewed literature and two online reports 5, 15, 29, 51 . More than half (54%) of all patients who present with cancer between 0-14 years of age are diagnosed as emergencies 5 . Among patients under the age of 25, those of 0-14 years of age were more likely to be diagnosed as an emergency than those aged 15-24 years (54% versus 26%); patients with leukaemias and those with tumours of the CNS were most likely to be diagnosed as an emergency, with 69% and 57% of 0-14-year-old patients with leukaemias or CNS tumours, respectively, being diagnosed as an emergency 51 .
Socioeconomic status
Substantial evidence supports an association between lower individual socioeconomic status and a greater risk of diagnosis of cancer as an emergency, as also reported in a systematic review specifically focused on patients with lung or colorectal cancers [1] [2] [3] [4] 10, 11, 15, 21, 27, 39, 41, 42, 49, 50, 52 . Investigators in different studies have defined socioeconomic status either using direct measures (such as individual income or insurance status), or ecologically (based on the socioeconomic characteristics of the population of a small area in which the patients reside). Given the increasing use of ecological measures, we use the terms 'deprivation' and 'socioeconomic status' inter changeably hereafter in this Review. In the USA, deprivation (as measured by the percentage of the population living in poverty in the patient's census tract of residence at time of diagnosis) and being insured under the MedicAid programme (an insurance programme for individuals who are deemed to be socio economically deprived) have both been identified as factors that increase a person's risk of being diagnosed as an emergency presentation with lung or colorectal cancer 3, 4 . Associations between socioeconomic status and the risk of diagnosis of cancer as an emergency vary for different cancers, although data are currently available from only one study examining cancers that can occur in either sex 34 . For each cancer examined, a greater degree of socio economic deprivation is associated with a higher risk of diagnosis of cancer as an emergency, but this positive association was particularly strong for patients with oral, oropharyngeal or anal cancers. These findings might indicate a greater risk of acceptance of symptoms (such as oral lesions and/or ulceration, in the context of oral or oropharyngeal cancers) as being 'normal' or a perception of stigma associated with reporting of symptoms in sensitive areas (such as those of anal cancer) among patients who are socioeconomically deprived 27 .
Sex
Across all cancer sites considered together, variations in the risk of emergency presentation by sex are small relative to variations by age 27 . Women, compared with men, have been found to have an increased risk of a diagnosis of cancer as an emergency presentation in some studies 1, 2, 4, 6, 8, 21, 39, 42, 50 ; although, data from a few other studies revealed no association between sex and the risk of an emergency diagnosis of cancer 11, 36, 49 . However, the size of sex-related differences in emergency presentation varies substantially by cancer. In particular, the risk of diagnosis as an emergency presentation is notably higher for women with bladder cancer compared with that of men with bladder cancer, most likely reflecting the greater difficulties in suspecting bladder cancer in women (OR 1.5, P <0.05) 27, 53 . Interactions also exist between sex and socioeconomic status, with Swedish men ranked in the lowest quartile for income being more likely than women ranked in the same quartile to be diagnosed with colorectal cancer as an emergency (OR 1.24,95% CI 1.04-1.49 for both sexes considered together and OR 1.34,95% CI 1.40-1.72 for men) 49 .
Ethnicity
People of a non-white ethnicity 2 and those of an Asian ethnicity 1 in the UK, as well as African-Americans in the USA 3, 4 have been found to be more likely to present as an emergency compared with white people. For example, in a large-scale study of diagnosis of colo rectal cancer, African-American patients were found to be more likely than white American patients to have both an emergency diagnosis (39.2% versus 28.1%; P <0.001) and emergency colorectal cancer surgery (37.4% versus 25.0% of the population studied; P <0.001) 3 .
Comorbidities and performance status
Comorbid illness has been consistently reported as a risk factor for diagnosis of cancer as an emergency presentation [2] [3] [4] 8, 15, 41, 42 . In particular, patients with more comorbidities (especially those with three or more) are more likely to be diagnosed with cancer in an emergency setting than those with no, or fewer than three comorbidities (OR 3.79 . Despite these associations, no independent associations between comorbidities and the risk of a diagnosis of cancer as an emergency presentation were reported for patients with chronic respiratory disease, diabetes mellitus or cardiovascular disease 2, 12 . Two studies using data from clinical audit initiatives found that inferior performance status was associated with a higher risk of a diagnosis of cancer as an emergency 8, 11 .
Psychosocial factors
In two studies, one conducted in Ireland 10 and one in Sweden 49 , investigators examined the potential role of marriage, as a marker of social isolation, in diagnosis of cancer as an emergency: they found that unmarried patients with colorectal cancer, were more likely to be diagnosed with cancer as an emergency compared with their married counterparts (OR 1.24; 95% CI 1.04-1.49), after adjustment for other confounding variables 49, 10 . Other psychosocial factors, which have been associated • Authors of study reports should explicitly describe whether they define emergency presentations contextually (such as if emergency care services were used) and/or clinically (such as if criteria about potentially life-threatening symptoms and/or requirements for emergency treatment are met)*.
• Studies using algorithmic definitions in electronic health records should aim to incorporate validation components based on direct inspection of random subsamples of patient records*, and should describe algorithms that adequately enable comparisons between countries and/or health-care systems with different data infrastructures and diagnostic pathways*.
• Studies using reviews of patient records [18] [19] [20] can be optimally supported by data collection instruments that explicitly consider the potential influence of the contributing tumour (disease, biological), patient and health-care (provider or organizational) factors and enable judgements of the potential preventability of emergency presentations.
Preventing emergency presentations in patients without prior relevant health-care use • Some emergency presenters have no prior relevant consultations 4, 12, 18, 20, 21, [32] [33] [34] 36, 39, 41 ; therefore, evidence is needed to enable a better understanding of the characteristics of these patients and their possible preceding symptoms, together with potential access (including insurance coverage) or psychosocial barriers to help-seeking in this patient group.
Preventing emergency presentations in patients with prior relevant consultations and/or health-care use • More evidence is needed on the patterns of prior consultations and/or health-care use in patients who had prior relevant consultations in order to identify higher-risk groups. Symptoms suggestive of cancer at an earlier stage and acute symptoms triggering the emergency presentation event itself must be distinguished in such studies 21, 40 .
Optimizing organizational and/or health-care system factors • Supporting the diagnostic process by reducing thresholds for specialist referral and enabling access to investigations could help prevent some emergency presentations*.
• New models of diagnostic services (such as multidisciplinary one-stop diagnosis clinics) for patients with atypical and/or 'vague' symptoms should help reduce the frequency of emergency presentations 67 , given that some emergency presentations occur while patients are awaiting or undergoing elective investigations 19, 20, [32] [33] [34] .
• Screening for colorectal cancer might reduce the incidence of emergency presentations [43] [44] [45] ; therefore, policy initiatives and research are needed to increase the population coverage and decrease inequalities in uptake. Future development of effective screening programmes (for example, for lung cancer) could further reduce the incidence of emergency presentations*.
• Initiatives designed to increase the use of interventions that encourage the early detection of cancer in symptomatic patients or in the context of screening should encompass the evaluation of potential harms from overdiagnosis and address cost-effectiveness, which are increasingly being considered in both clinical practice and in research studies 68 .
Improving outcomes of emergency presenters
• Research is needed to better understand the associations between emergency presentation and lower use of curative treatments, and the reasons why patients diagnosed with cancer following an emergency presentation have inferior survival compared with patients whose cancer was diagnosed electively at the same tumour stage 11, 15, 28 .
• Reconfiguration of out-of-hours coverage of emergencies by a specialist oncology service might help improve the clinical outcomes of patients diagnosed with cancer following an emergency presentation 12 .
Emergency diagnosis of cancer as a likely global challenge
• Given that evidence is currently restricted to patient populations from only seven countries, researchers and policy makers should urgently address the evidence gap on the global burden of emergency presentations; doing so requires substantial global investment in registration of patients with cancer and the conduct of comparative studies*. • Evidence is particularly lacking for certain patient groups including child and young adult patients with cancer, and those with rare cancers 51 ; international policy initiatives and research should aim to address these evidence gaps as a priority*. with the extent of screening uptake and help-seeking behaviour, include a fear of cancer or fatalism 54 , and measures of cognitive (awareness), emotional or attitudinal barriers 37, 55, 56 ; although, no specific associations of these factors with a diagnosis of cancer as an emergency presentation were reported in the reviewed evidence.
Recommendations
Several of the authors of this Review have previously argued that: "Interventions should aim to reduce the proportion of patients with cancer who are diagnosed as emergencies to the absolute minimum dictated by tumour aggressiveness, having removed the potential influence of either health care or patient factors" (REF. 17 ). Concordantly and following this Review of the literature, we propose and advocate a series of recommendations for informing clinical practice, public health policy and further research into minimizing the diagnosis of cancer following an emergency presentation
Summary and future directions
In this Review, we considered evidence on the definitions, frequency and potential for preventing emergency presentation of cancers, taking into account evidence available up to the end of July 2016. Notably, the current level of evidence is derived from only seven economically developed countries, and is dominated by patient populations in the UK, studied as part of the English Routes-to-Diagnosis project
. However, given the consistency of the evidence across studies from the seven developed countries, diagnosis of cancer following an emergency presentation is very likely to represent a global challenge, as is also highlighted by a meeting abstract describing data from eight different European countries 57 . Studying the characteristics, extent and reasons for patients presenting with cancer as an emergency in other international populations should be addressed by future research as a priority.
In most of the available evidence sources, emergency presentations are defined contextually: for example as a diagnosis of cancer shortly after presentation to an emergency department or an emergency admission. In some studies, involving patients with colorectal cancer only, contextual definitions are supplemented with information on clinical symptoms or the need for emergency surgery. Only a minority of studies based the definition of an emergency presentation with cancer on the evalu ation of the clinical features of the presentation using detailed patient records. Nonetheless, analysis of contextually defined emergency presentations using administrative databases offers great advantages in terms of their population basis and for the identification of inequalities. Such approaches should be further explored and refined.
Associations between emergency presentations and a range of both potentially modifiable factors (such as prior consultations) and non-modifiable factors (such as tumour grade) have been described (Supplementary  information S3 (table) ). However, quantifications of the exact aetiological contribution of modi fiable and non-modifiable influences are unavailable in the current literature. A notable downward trend in the proportion of cancers diagnosed as an emergency presentation has been reported in England (from 24% to 20% of all diagnoses of cancer between 2006 and 2013) 26, 58 . This trend strongly indicates that modifiable patient-related and healthcare-related factors are at least partly responsible for the overall problem. Furthermore, these downward trends possibly reflect the influence of public health campaigns (such as the 'Be Clear on Cancer' campaign 59 in England) and health-care interventions aimed at improving cancer diagnosis (such as the introduction of clinical guidelines for the fast-track assessment of patients at a higher risk of cancer than that of the general population) 60, 61 . Interventions to improve the early diagnosis of cancer will probably be effective in reducing emergency presentations of cancer. For example, screening interventions (particularly for colorectal cancer) can help to prevent emergency presentations. Consequently, efforts to increase general levels of participation in screening interventions and to decrease inequalities are needed. The development of effective screening tests for a number of cancers for which no such tests are currently available would likely lead to further reductions in the frequency of emergency presentations. However, such initiatives might also result in harms, such as overdiagnosis and/or overtreatment following screening. Similarly, reducing the thresholds for referral from primary care or for investigation of symptoms might reduce the frequency of emergency presentations, although such changes will also likely result in the referral of higher proportions of patients without cancer. A detailed description of these issues is outside the scope of this Review.
A substantial minority of patients presenting with cancer as an emergency have no prior contact with the formal health-care system. This lack of contact might reflect the influence of psychosocial factors, such as considering the symptoms as normal and/or not appreciating their seriousness 37, 56, 62, 63 , particularly among patients with comorbid conditions and those of an older age (such as those ≥70 years of age). Other contextual and cultural factors affecting the way in which people recognize, interpret and/or act on their symptoms include the influence of family and friends, fatalistic beliefs 54, 64 , and fears surrounding a diagnosis of cancer and its treatment 65 . Access to appropriate use of health-care services and concerns about wasting doctors' time could also act as barriers to help seeking for these patients 66 . This growing evidence base indicates a need for ongoing development of targeted and tailored public health education campaigns on cancer. Nonetheless, the majority of patients with cancer diagnosed as an emergency presentation have previously visited a general practitioner electively, while some have also had contact with secondary-care services (including the emergency services, before the presentation leading to their diagnosis) 19 . Interventions that shorten diagnostic intervals and support and/or streamline the diagnostic process should, therefore, help reduce the proportion of patients with cancer who are diagnosed an an emergency.
Patients whose cancer is diagnosed as an emergency are less likely to receive treatment with a curative intent and have worse (particularly short term) survival outcomes compared with patients whose cancer is diagnosed through other routes. Both of these associations are partly explained by tumour stage at diagnosis, but remain as independent associations even after adjustment. Therefore, although these observations might reflect unmeasured tumour aggressiveness, they might also indicate suboptimal diagnostic work-up and treatment of patients with cancer who present as an emergency. Improvements in patients' outcomes might, therefore, be obtained by reconfiguring how out-of-hours emergencies are covered by specialist medical and/or surgical oncology services 12 .
Conclusions
Herein, we have discussed the definitions, frequency, risk factors, patient-group inequalities and potential for preventing a diagnosis of cancer as an emergency presentation, using evidence from population-based studies derived from seven developed countries. The influence of tumour-related, patient-related and health-care-related factors have all been explored; although, more evidence is required on the exact contributions of these factors and the mechanisms that can be targeted by interventions to reduce the proportion of patients with cancer who are diagnosed as emergencies. This data will better inform targeted public health, as well as health-care interventions designed to reduce the percentage of cancers diagnosed as an emergency, and thus improve patients' outcomes.
